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14 states and the District of Columbia equaled or exceeded the average
in 1916 and 1917. North Carolina’s consumption of lime is not far
below the average per capita and is considerably greater than that of
any other southeastern state.

In normal times from 40 to 45 per cent of the lime produced is used
for building, and approximately equal quantity goes to chemical works
and manufacturing plants which require lime in their process, and the
remainder is used mostly in agriculture. North Carolina, therefore,
evidently surpasses most of the neighboring states in the number of
buildings of superior quality erected annually, but its principal cities
are small compared with those of states whose consumption of lime
equals or exceeds the average per capita. No great increase in the
consumption of building lime is, therefore, to be expected, although
substantial gains may result from the use of hydrated lime in concrete
construction work, as recommended by many construction engineers.

The industrial growth of North Carolina and of the south as a whole
is promising as regards increased consumption of chemical lime. Sta-
tistics are not available to show any growth in the state’s use of chemical
lime. Of the lime produced within the state some has been used for
tanning and for the cooking of pulp for the manufacture of paper, but
data regarding these uses are too few to be significant. Most of the
chemical lime used has been brought in from other states.

Data regarding burned lime, or quicklime, for agriculture are also
too meagre to show definitely any changes in demand for it. Although
some authorities have claimed that the caustic property of quicklime
is injurious to soil, recent demonstrations have disproved this claim,
and preference for quicklime, hydrated lime, or pulverized limestone is
based mainly on the readily available content of lime and magnesia
and differences in cost. Producers of both quicklime and pulverized
limestone have found that farmers located close by railroads tend to
favor the relatively low priced limestone whose content of lime and
magnesia ranges from below 50 to 55 per cent, whereas those who must
haul their lime a considerable distance from the railroad to the farm
prefer the relatively high priced quicklime whose content of lime and
magnesia ranges from 95 to 98 per cent. For certain purposes, whose
discussion is beyond the scope of this report, one form of lime may be
preferable to the others, but in general the choice depends upon the
ultimate cost of applying a certain quantity of available lime and
magnesia to the soil.
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Relation of North Carolina’s Resources to Requirements

In view of North Carolina’s considerable consumption of lime com-
pared with its small production, what are the prospects of supplying
more of the state’s requirements from within its own boundaries?
These depend upon the quality of lime required, the quality that is and
can be produced and the cost of getting it to market. The one lime-
producing company that was active in 1918 has both high calcium and
high magnesium rock in its quarry. It can produce high calcium lime,
but its high magnesium stone tends to choke the kiln during burning if
used alone. The two are or can be burned together, producing a lime of
intermediate composition. The other two companies mentioned on page
160 can be expected to produce only high magnesium lime. None of
these three companies are poorly situated as regards transportation.
The company which has produced lime at Hewitts, Swain County, has
high magnesium rock which burns well, and high calcium rock which,
though of good chemical composition, burns to an unsatisfactory color.
It may, however, be handieapped by high freights which may place
it at a disadvantage compared with producers of the same qualities of
lime, not only within North Carolina but in eastern Tennessee as well.
In the undeveloped deposits, or those worked intermittently on a small
scale, both high caleium and high magnesium rocks occur abundantly
in the Cherokee-Swain County area, but are handicapped by high
freight charges; other high calcium rock may be found in the Fletcher-
Boylston-Brevard group of deposits but most of the stone worked or
tested is magnesian, and is a considerable distance from a railroad.
Only high magnesium stone has been proved to exist in other deposits
whose location entitles them to commercial consideration. The marl
deposits in the eastern part of the state are nearly all high calcium,
but attempts to produce burned lime from them have been unsuccessful.

Buirpine LiMe

Building lime is made from both high calcium, high magnesium and
intermediate rock, but the different varieties of stone do not behave
identically during or after burning. High magnesium stone decomposes
at a lower temperature than high calcium stone, and if burned by one
accustomed to high calcium stone is likely to become somewhat sintered
or overburned. Overburned particles of lime tend to slake incompletely
during the mixing of mortar or plaster, and later to complete their
slaking in the wall causing the plaster to “pop.” Any kind of lime
will “pop” if incompletely slaked, but the mistreatment of high magne-
sium lime by one unaccustomed to high calcium lime may result in an un-
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usually large amount—enough to condemn the lime. Dolomite, the
chief mineral constituent of high magnesium limestone, may decom-
pose with explosive violence if heated too rapidly,”® and the resulting
fine material will then choke the draft in the kiln—another disadvantage
that results if the properties of the stone are not appreciated. There
are other causes of draft-choking, for example, the presence of a
small percentage of free silica which unites with lime to form calcium
disilicate, whose formation is accompanied by sudden expansion which
reduces the lumps of stone to powder. The choking of the draft by
high calcium stone may be due to this cause or to the unsuspected presence
of some dolomite. Both high calcium and high magnesium rocks may
contain a considerable quantity of occluded hydrogen sulphide or other
gasses whose expansion during too rapid heating may cause disintegra-
tion and draft-choking.

Properly burned high magnesium lime slakes more slowly and with
less evolution of heat than high calcium lime, and this difference may
also result in improper treatment of one variety of lime by one accus-
tomed to another kind. The magnesia or magnesium oxide in burned lime
does not slake when water is added under ordinary conditions, that is at
atmospheric pressure, as it constitutes about half the volume of high
magnesium lime, or, in other words, as it dilutes the active constituent of
lime by about 50 per cent only a proportionate quantity of water is
required for slaking and only about half the heat is evolved during
slaking that would be evolved by an equal quantity of high calcium
lime; but it takes water longer to reach all the active particles. The
amount of shrinkage during the settling of the lime and the amount
of sand that should be added to make a good mortar will also vary
according to the quantities of active calcium oxide and inactive mag-
nesium oxide in the lime. Some slaked limes, particularly certain high
magnesium limes, have a much higher degree of plasticity or spreading
quality than others, and are held in such high favor that they have
been shipped to markets hundreds and even thousands of miles away.
The cause of this quality has never been satisfactorily determined. A
few limes possess it to a marked degrce, whereas others of practically
identical composition are deficient in it.

This brief discussion of the principal differences between the two
kinds of lime will readily explain some of the prejudices held against
either kind for certain uses. It is said that in eastern Pennsylvania,
where large quantities of high magnesium lime are produced, high
caleium lime is held in disfavor by builders, whereas the reverse is true
in Virginia, where there is a large production of high calcium lime.

1Hildebrand, W. F.. Chemical analyses of silicate and carbonate rocks. U. 8. Geol.
Survey Bull. 700, p. 212, 1919,
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In North Carolina the one important manufacturer of building lime
produces a high calecium product, or at least one with only a low con-
tent of magnesia. The preferences of builders is not known to the
writer, but the fact that so much lime is shipped in from the high
calcium districts of Virginia, Tennessee, and Alabama, suggests a
preference for high calcium lime. Some of the largest deposits of high
magnesium limestone in the state appear to be well suited for burning
into lime and to be advantageously situated as regards transportation
to the principal cities of the state; but those of high calcium stone,
other than the one now worked, are less favorably situated.

Increase in the production of building lime in North Carolina de-
pends, therefore, on the demonstration that a good quality of high
magnesium lime can be produced on a commercial scale and on the
proper treatment of the lime by the builder. Difficulties attending the
slaking or hydrating of the lime may be overcome by the installation
of a hydrating plant by the producer, which will enable him to furnish
properly hydrated lime to the builder with explicit instructions regard-
ing its sand-carrying capacity and the quantity of water to be used in
mixing.

CreMICAL LIME

The use of lime in chemical industries has greatly increased in recent
years, and at the present rate of increase will soon become the principal
use. There are considerably more than one hundred uses of lime in
manufacturing industries, including the manufacture of sundry chemi-
cals, and of such products as paper, sugar, and leather. Almost none
of these chemicals and other products contain lime, but is necessary to
bring about certain chemical reactions in the process of manufacture.
The composition of the lime, as of limestone, is more important in the
chemical industries than in the building industry, as the impurities in
the lime may produce undesired reactions, or, if inert, may lower the
efficiency of the lime and increase the cost of operation.

The most prominent impurities in lime as shown by the analyses of
limestone on page 149 are silica, alumina and iron oxides. Other
impurities may be present in minute quantities but are seldom deter-
mined in analyses of burned lime. Magnesia may be regarded as an
essential constituent or an impurity according to the particular chemi-
cal process under consideration. Some limes have been shipped across
several important lime-producing states because of their unusually low
content of silica and magnesia; others because of their high content of
magnesia, but almost total freedom from iron. In contrast to these
both high calcium and high magnesium limes are equally suited for
some uses, and it may make little or no practical difference whether
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quicklime, hydrated lime, or ground limestone is used. A great deal
of investigation remains to be carried on before the essential properties
of limes for different chemical uses are thoroughly understood and appre-
ciated. The following statements will serve, however, to outline the
principal requirements of lime for some of the more important indus-
tries, named in order according to the quantlty of lime used annually by
them in the United States.74

Paper Manufacture—This use has already been considered under
limestone.

Tanning.—In the leather industry limewater is used for loosening
the hair from the hide, and high calcium lime is usually required.
Magnesia, silica, alumina are injurious because they make the lime
more difficult to slake, and iron because it may cause stains in the
leather. Onme special process, however, calls for lime with very high
magnesium but with less than 0.10 per cent of iron.

Sugar Manufacture.—This use also has been considered under lime-
stone.

Glass Manufacture.—This use also has been considered under lime-
stone used in the manufacture of glass. Calcium oxide is always essen-
tial. Magnesia may be desirable or undesirable according to the kind
of glass to be made. Iron imparts a green color to glass. For white
glass oxides of iron must be less than 0.3 per cent, and for optical glass
less than 0.05 per cent of the unburned stone.

Calcium cyanamid.—Calcium cyanamid is prepared by heating a mix-
ture of lime and coke in an electric arc furnace and treating the fused
mass with nitrogen, which is obtained from the fractional distillation
of liquid air. High calcium quicklime is required. Impurities are un-
desirable on account of the expense required to heat them, and lime-
stone containing 97 per cent calcium carbonate was specified as the raw
material for the Government plants. The cyanamid plants authorized
by the Federal Government were designed to consume lime equivalent to
500 tons of limestone a day. This large demand would place a premium
on suitable stone within a short distance of the plant.

Illuminating gas—High calcium lime is essential for the purifying
of illuminating gas derived from coal. Calcium oxide is the only useful
constituent, although magnesia and impurities are not harmful.

7 A more extended outline of the requirements for different chemicnl uses of lime is given
y Emley, W. E., in “The source, manufacture, and use of lime’’: Mineral Resources of the
Umted States, Calendar year 1913—Part II, pp. 1681-1598, U, S Geological Survey, 1914.
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Oil, fat, and soap manufacture.—In these industries also calcium
oxide is the only useful constituent of lime, although magnesia and im-
purities are not harmful.

Other industries—For most other industries using lime, calcium
oxide is necessary or desirable, although magnesium lime may be equally
suitable for some. Those which require high magnesium lime are few
in comparison. The preponderance of high magnesium limestone in
North Carolina, therefore, is not favorable for the attraction of many
of the chemical industries. The most favorable districts are those along
the Murphy Branch of the Southern Railroad, but these, as already
stated, have been handicapped by high freight rates, and it has not been
demonstrated whether they are free enough from interbedded dolomite to
supply large requirements like those of the Government cyanamid
plants. The only chemical uses that have been reported from North
Carolina lime are paper manufacture (sulphite process) which calls for
high magnesium lime, and tanning, which calls for high calcium lime.

AGRICULTURAL LiME

The remarks on page 146 regarding agricultural limestone apply
as a whole to agricultural lime, whether in the form of quicklime or hy-
drated lime. Quicklime is especially adapted for certain uses, such as
deflocculation of clay in heavy, sticky soils, and quick reaction with acids
and other ingredients of the soil. High calcium lime would have a
greater deflocculating effect than high magnesium lime. Hydrated
lime is especially desirable wherever the caustic property of quicklime
is not wanted, and where more rapid reaction is wanted than can be
obtained from pulverized limestone. The effectiveness of unburned
stone varies with the fineness to which it is ground. Pulverized stone,
100 per cent of which can pass through a 200-mesh screen, reacts with
comparative rapidity, whereas ground stone, which can only pass a 10-
mesh screen, is relatively ineffective for rapid reaction. Unburned
stone, moreover, contains only about half as much available lime and
magnesia as the corresponding burned lime. The presence or absence of
magnesia is apparently of little consequence as a rule, although magnesia
may be especially desirable or undesirable for certain crops. The main
factor in deciding among these three forms of lime, therefore, as stated
on page 162, is the ultimate cost per unit of efficiency to the consumer.

Of the limes and limestone in North Carolina marketed for agricul-
tural use, those produced for several years by private companies have
had a moderate to high content of magnesia, whereas the limestone (from
east Tennessee) and marl produced by the State Department of Agri-
culture have been calcium products. The prospects of increasing the
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total output of agricultural lime and limestone in the state are good,
but are limited by the territory which can be more cheaply supplied
from these sources than from sources outside of the state.

Future of the Marble, Limestone, and Lime Industries in North Carolina

The foregoing discussion forces the conclusion that scope of the lime-
stone industries, including marble and lime, is not likely to increase
greatly. Although one marble company has maintained a considerable
. output, particularly of monumental stone, several other attempts to
open quarries have been unsuccessful, largely because of defects in the
stone, and in part probably because of insufficient capital, and adequate
nearby markets, where the stone could have been introduced at minimum
cost. A few prospects, however, afford hope that good quarries can be
developed from them if funds are available for the necessarily expensive
preliminary work of removing shattered surface rock and reaching sound
stone below. :

The demand for crushed limestone is likély to increase as the “good
roads” movement grows in territory that can be readily supplied with
North Carolina’s limestone, and there is every reason to expect the nor-
mal increase in production of pulverized limestone to continue. The
fact that the production of flux failed to increase during the period of
intensive metallurgieal activity gives little hope for marked increase in
the future. Marked growth in the production of burned lime depends
largely upon the successful introduction and handling of high magne-
sium lime for building purposes, and establishment of paper mills using
the sulphite (milk of lime) process of preparing wood pulp. The loca-
tion of the largest high calcium deposits is not very favorable for the
establishment of Portland cement plants or of chemical manufacturers
calling for high calcium lime, except perhaps paper mills. Markets and
the sources of other essential raw materials are too distant to attract the
other more important industries. Waterpower is plentiful in western
North Carolina, however, ‘and its future development may offset the
present disadvantages. Whenever this change takes place the high
«alcium limestones particularly will increase in commercial importance.
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Miss H. M. Berry, Secretary. 8° 90 pp. Postage 15 cents.

46. The Vegetation of Shackleford Bank, by I. F. Lewis, 1917. 8°, 40 pp.,
11 pl. Postage 10 cents.

47. Proceedings of the Ninth Annual Drainage Convention of the North
Carolina Drainage Association, held at Greensboro, N. C., November 22 and
23, 1916. Compiled by Joseph Hyde Pratt, State Geologist, and Miss H. M.
Berry, Secretary, 1917. 8°, 110 pp., 8 figs. Postage 15 cents.

48. Forest Fires in North Carolina during 1915, 1916, and 1917, and Present
Status of Forest Fire Prevention in North Carolina, by J. S. Holmes, State
Forester, 1918. 8°, 97 pp. Postage 10 cents.

49. Mining Industry in North Carolina, during 1913-1917, inclusive, by
Joseph Hyde Pratt, State Geologist, and Miss H. M. Berry, Secretary, 1919.
8°, 170 pp. Postage 20 cents.

Gives list of useful minerals of North Carolina; contains detailed report on the Uwarra
Mill at Candor; data relating to the brown hematite iron ores and a special report on the
titaniferous iron ores of the State; report on tin resources of the Kings Mountain District;
:gelc.ml data relating to manganese; greensand; marble deposits of Cherokee County; clay

sts,

50. Proceedings of Tenth Annual Drainage Convention, held at Washington,
North Carolina, March 31 and April 1, 1920, compiled by North Carolina
Geological and Economic Survey, 1920. 8°, 718 pp. Postage 10 cents.

VOLUMES

Vol. I. Corundum and the Basic Magnesian Rocks in Western North Caro-
lina, by Joseph Hyde Pratt and J. Volney Lewis, 1905. 8°, 464 pp., 44 pl.,
35 figs. Postage 32 cents. Cloth-bound copy, $1.50 extra.

Vol. II. Fishes of North Carolina, by H. M. Smith, 1907. 8°, 453 pp., 21
pl, 188 figs. Out of print.

Vol. III. The Coastal Plain Deposits of North Carolina, by William Bul-
lock Clark, Benjamin L. Miller, L. W. Stephenson, B. L. Johnson, and Horatio
N. Parker, 1912. 8°, 509 pp., 62 pl., 21 figs. Owut of print.

Bl ik, BOTITILY 1 Sonoq, s Cosel Pl of o Carlv, by W

Pt. II.—The Water Resources of the Coastal Plain of North Carolina, by L. W. Stephenson
and B. L. Johnson.
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Vol. IV. The Birds of North Carolina, by T. Gilbert Pearson, C. S. Brimley
and H. H. Brimley, 1918. 8°, 380 pp., 24 colored plates, 10 black and white
plates, 275 text figures, one map. Paper copies, $2.00, postpaid. Cloth-
bound copies, $2.75, postpaid.

BIENNIAL REPORTS

First Biennial Report, 1891-1892, J. A. Holmes, State Geologist, 1893. 8°,
111 pp., 12 pl,, 2 figs. Postage 6 cents.

Administrative report, giving object and organization of the Survey; Investigations of
Iron Ores, Building Stone, Geological work in Coastal Plain Region, including supplies and
drinking waters in eastern counties, Report on Forests and Forest Products, al and
Marble, Investigations of Diamond Drill.

Biennial Report, 1893-1894, J. A. Holmes, State Geologist, 1894. 8°, 15 pp.
Postage 1 cent.

Administrative report.

Biennial Report, 1895-1896, J. A. Holmes, State Geologist, 1896. 8°, 17 pp.
Postage 1 cent.
Administrative report.

Biennial Report, 1897-1898, J. A. Holmes, State Geologist, 1898. 8°, 28 pp.
Postage 2 cents.
Administrative report.

Biennial Report, 1899-1900, J. A. Holmes, State Geologist, 1900. 8°, 20 pp.
Postage 2 cents.
Administrative report.

Biennial Report, 1901-1902, J. A. Holmes, State Geologist, 1902. 8°, 15 pp.
Postage 1 cent.
Administrative report.

Biennial Report, 1903-1904, J. A. Holmes, State Geologist, 1905. 8°, 32 pp.
Postage 2 cents.
Administrative report.

Biennial Report, 1905-1906, Joseph Hyde Pratt, State Geologist, 1907. 8°,
60 pp. Postage 8 cents.

Administrative report; report on certain swamp lands belonging to the State, by W. Ww.
Ashe; it also gives certain magnetic observations at North Carolina stations.

Biennial Report, 1907-1908, Joseph Hyde Pratt, State Geologist, 1908. 8°,
60 pp., 2 pl. Postage 5 cents.

Administrative report. Contains Special Report on an examination of the Sand Banks
along the North Carolina Coast, by Jay F. Bond, Forest Assistant, United States Forest Ser-
vice; certain magnetic observations at North Carolina stations; Results of an Investigation
Relating to Clam Cultivation, by Howard E. Enders, of Purdue University.

Biennial Report, 1909-1910, Joseph Hyde Pratt, State Geologist, 1911. 8°,
152 pp. Postage 10 cents.

Administrative report. and contains Agreements for Codperation in Statistical Work, and
Topographical and Traverse Mapping Work with the United States Geological Survey;
Forest Work, with the United States Department of Agriculture (Forest Service); List of
Topographic maps of North Carolina and counties partly or wholly topographically mapped;
deseription of Special Highways in North Carolina; suggested Road Legislation; list of
Drainage Districts and Results of Third Annual Drainage Convention; Forestry Reports
relating to Connolly Tract, Buncombe County and Transylvania County State Farms;
certain Watersheds; Reforestation of Cut-over and Abandoned Farm Lands on the Wood-
lands of the Salem Academy and College; Recommendations for the Artificial Regeneration
of Longleaf Pine at Pinehurst; Act regulating the use of and for the Protection of
Meridian Monuments and Standards of Measure at the several county seats of North Caro-
lina; list of Magnetic Declinations at the county seats, January 1, 1910; letter of Fish
Commissioner of the United States Bureau of Fisheries relating to the conditions of the
North Carolina fish industries; report of the survey for the North Carolina Fish Commission
referring to dutch or pound-net fishing in Albemarie and Croatan sounds and Chowan River,
by Gilbert T. Rude, of the United States Coast and Geodetic Survey; Historical Sketch of
the several North Carolina Geological Surveys, with list of publications of each.
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Biennial Report, 1911-1912, Joseph Hyde Pratt, State Geologist, 1913. 8°,
165 pp. Postage 7 cents.

Administrative report, and contains reports on method of construction and estimate of
cost of road improvement in Statonsburg Township, Wilson County; report on road con-
ditions in Lee County; report on greliminnry location of section of Spartanburg-Henderson-
ville Highway between Tryon and Tuxedo; report of road work done by United States
Office of Public Roads during biennial period; experiments with glutrin on the sand-clay
road; report on Central Highway, giving Act establishing and report of trip over the
Highway; suggested road legislation; report on the Asheville City watershed; report on the
Struan 1gu-operty at Arden, Buncombe County; report on the Woodlands on the farm of Dr.
J. W. Kilgore, Iredell County; report on examination of the woodlands on the Berry place,
Orange County; report on the forest property of Miss Julia A. Thorns, Ashboro, Randolph
County; report on the examination of the forest lands of the Butters Lumber Company,
Columbus County; proposed forestry legislation; swamp lands and drainage, giving drainage
districts; suggested drainage legislation; proposed Fisheries Commission Bill,

Biennial Report, 1913-1914, Joseph Hyde Pratt, State Geologist, 1915. 8°,

118 pp. .Postage 10 cents.

Administrative report and contains reports on the work of the State convicts on Hickory
Nut Gap Road, Henderson County, and on the link of the Central Highway in Madison
County which is being constructed with State convicts; report on road work accomplished
by the State Survey and by the United States Office of Public Roads during biennial
period ; suggested road legislation; a forestry policy for North Carolina; report on investi-
gation. Timber supply of North Carolina; reports on the examination of certain forest lands
in Halifax County; report on the ash in North Carolina; report on the spruce forests of
Mount Mitchell; report on the forest fire conditions in the Northeastern States, by J. 8.
Holmes. Report on the work of the United States Forest Service in North Carolina in con-
nection with the purchase of forest reserves and their protection; timber tests, including
strength of timber, preservation of timber, timber suitable to produce pulp, distillation of
certain woods and drying certain woods; suggested forestry legislation; report on the swamp
lands and their drainage in North Carolina; suggested drainage legislation, report on
magnetic observations made during biennial period; report on the economic value of the
fisheries of North Carolina; report on the survey made in Albemarle, Croatan, and Pamlico
sounds by the Coast and Geodetic Survey; suggested fisheries legislation.

Biennial Report, 1915-1916, Joseph Hyde Pratt, State Geologist, 1917. 8°,
202 pp. Postage 25 cents.

Administrative report and contains special reports on the Protection from Fire of the
Forested Watersheds of Navigable Streams; National Forest Reservations; forestry report
on Lake Latham Farms near Mebane, N. C.; report on Forest Tract owned by the Cran-
berry Iron and Coal Company near Cranberry, N. C.; report on work of N. C. Forestry
Association; report on Southern Forestry Congress; special report on ‘‘The Fisheries of
North Carolina’”; Magnetic Observations made during 1915 and 1916; Memorial Sketch of
Dr. Joseph Austin Holmes.

Biennial Report, 1917-1918, Joseph Hyde Pratt, State Geologist, 1919. 8°,
110 pp. Postage 15 cents.

Administrative report, and contains special reports on the Mitchell State Park; Proposed
Forestry Course at the State University; North Carolina Forestry Association; report on
magnetic observations made during biennial period.

Biennial Report, 1919-1920, Joseph Hyde Pratt, Director, 1921. 8°, 70 pp.
Postage 12 cents.

Samples of any mineral found in the State may be sent to the office of the
Geological and Economic Survey for identification, and the same will be
classified free of charge. It must be understood, however, that No A8sAYS
OR QUANTITATIVE DETERMINATIONS WILL BE MADE. Samples should be in a lump
form if possible, and marked plainly on outside of package with name of
sender, postoffice address, etc.; a letter should accompany sample and stamp
should be enclosed for reply.

These publications are mailed to libraries and to individuals who may
desire information on any of the special subjects named, in most cases free
of charge, except that in each case applicants for the reports should forward
the amount needed for packing and transportation for mailing the bulletins
desired, to the State Geologist, Chapel Hill, N. C.





